INTRODUCTION
Hyperhomocysteinemia (HHcy) is an independent and graded risk factor for development of cardiovascular disease such as stroke, myocardial infarction, peripheral vascular disease and atherosclerosis 5, 23, 42 . Hcy increases the production of reactive oxygen species (ROS) in cultured HUVEC cells and induces endothelial dysfunction 54 . However, the underlying mechanisms responsible for Hcy-induced endothelial dysfunction are not fully understood.
DNA microarray technology provides a high-throughput tool for an unbiased screening of differentially displayed genes 11, 51 . This approach, as well as other techniques, has been successfully utilized in large-scale gene expression analyses of various pathologic conditions, including effects of some pro-atherogenic agents on endothelial cells 14, 23, 30, 44 . Accordingly, we examined HUVEC treated with Hcy with the complementary DNA microarrays (Clontech) and, among other findings, detected overexpression of mRNA encoding connexin-43 (see Results).
Gap junctional communication is essential for the embryonic development, cell proliferation, differentiation, and coordination of individual cell behavior within a cell population. Several members of connexin family of proteins, including Cx 43, participate in the formation of gap junctions 37 . Cx43 is widely expressed in endothelial cell in vitro and in vivo 6, 20, 35 . Like other Cx proteins, the intercellular junctional hemichannels formed by Cx43 allow ions and small molecules of < 1 kDa to pass through 3, 21, 31, 39, 41, 47, 55 . Gap junctional communication was found to be disrupted by phosphorylation of Cx43 caused by the oxidant stress 48 . Cx43 gene upregulation has been previously found in several pro-atherosclerotic pathophysiological conditions 1, 15, 16, 33, 40, 52 . Most recently, Cx43 has been linked to myoendothelial junctions, where it regulates the action of EDHF 9, 46 . Using cardiovascular cDNA array, we detected upregulation of Cx43 in the Hcy-treated endothelial cells. In this report, we demonstrate that Hcy-induced Cx43 overexpression is not associated with an increase in gap junctional communication.
Overexpressed Cx43 redistribute to the mitochondria. Furthermore, defective acetylcholineevoked NOS-and COX-independent vasorelaxation suggests the loss of myoendothelial gap junctional communication in Hcy-treated resistance arteries.
MATERIALS AND METHODS

Cell culture -Human umbilical vascular endothelial cells (HUVEC) were cultured in EBM-
2 media (Clonetics) and used between passages 3-8. centrifuged at 640×g for 10 min at 4°C. The supernatant was centrifuged at 10,000×g for 30 min at 4°C to obtain the heavy membrane (HM) fraction (pellet), and the supernatant was then centrifuged for 1.5 hr at 150,000 ×g to obtain the light membrane (LM) and cytosolic (the pellet and supernatant, respectively) fractions. The HM and LM material was resuspended in 0.1 ml of Triton X-100 lysis buffer 50 .
Cardiovascular microarray analysis.
Mitochondrial isolation-After washing twice with ice-cold PBS, the cells were scraped into buffer containing 0.2% BSA, 200mM mannitol, 70mM sucrose, 10 mM Hepes-KOH, 1mM
EGTA and incubated on ice. The lysates were homogenized with 20-30 strokes in a Dounce homogenizer, followed by centrifugation at 1,800 rpm for 10 min using Sorvall SS34 rotor. The supernatant was centrifuged at 7000rpm for 10 min. The pellet was washed in buffer without BSA. Mitochondria were collected in the lysis buffer and protein concentration was measured together with the enrichment of mitochondrial markers, according to previously described protocols 22 .
Western blotting-. Cells were lysed in the following ice-cold lysis buffer: 20mM Tris pH 7.8, 140mM NaCl, 1mM EDTA, complete mini-protease inhibitor cocktail ,1% Triton X-100, 0.1 % SDS, 1% DOC, 1 mM NaF and 1 mM orthovanadate. The protein concentration of the lysates after transfection. The GFP-Cx43 fusion construct was described previously.
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Imaging of Cx43-GFP in Living Cells-HUVEC cells transiently expressing Cx43-GFP were grown on tissue culture dish with glass bottom, which contained 2 ml of EBM-2 medium supplemented with 10 mM HEPES, pH 7.2. Fluorescence microscopy of HUVEC was performed using a Nikon epifluorescence inverted microscope (Diaphot) equipped with a SIT camera (Hamamatsu) and temperature-controlled incubator. Cells were illuminated at excitation wavelength of 485 nm in 10 min intervals for 30 ms using an automatic shatter (Lambda 10-2, Sutter Instruments) interfaced to Image-1-Fluor software (Universal Imaging). Images were collected at the wavelength of 530 nm using an appropriate dichroic mirror, stored and analyzed using an Image-1 (Universal Imaging) software. and cyclooxygenase (COX), respectively, and gassed with 95% O 2 -5% CO 2 . After equilibration (30 minutes), the vascular rings were stretched radially so that the internal circumference was 90% of that the vessels would have when relaxed under a transmural pressure of 80 mmHg 40 .
Isometric tension was monitored continuously. Experiments were initiated by exposing the vessels to Krebs' buffer modified by increasing the concentration of KCl to 60 mM (by equimolar exchange with NaCl) to ascertain reproducibility of contractile responses.
Subsequently, the vessels were washed with regular Krebs' buffer and induced to contract by the addition of phenylephrine (0.5 µM) to the buffer. Once the phenylephrine-induced isometric tension development had reached a stable plateau, acetylcholine (10 -9 -10 -5 M) or sodium nitroprusside (10 -10 -10 -5 M) was added cumulatively. Agonist-induced vasorelaxation was expressed as percent reduction of phenylephrine-induced tone.
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Statistical Analysis -All the data are presented as Mean±SEM of the number (n) of replicative samples. When appropriate, the differences between experimental groups were analyzed using two-way analysis of variance followed by t test. P<0.05 was considered significant.
RESULTS
Induction of Cx43 gene and protein expression by Hcy in HUVEC
We have previously demonstrated that 24 h exposure to 50 µM Hcy resulted in endothelial dysfunction characterized by the reduced ability to generate nitric oxide in response to bradykinin or a calcium ionophore 54 . Therefore, HUVEC were cultured in the presence of 50 We have previously demonstrated that some of the effects of Hcy in HUVEC could be attenuated by pretreatment with a cell-permeable superoxide dismutase mimetic, MnTBAP.
Exposure of HUVEC to Hcy in combination with MnTBAP (50 µM) prevented the upregulation of Cx43 after 24 h co-incubation (Fig. 1) .
Upregulation of Cx43 does not increase gap junctional cell-cell communication
Cx43 has been shown to participate in formation of gap junctions between adjacent endothelial cells both in vivo and in vitro 6, 20, 35 . To examine the functional consequences of the above over-expression of Cx43, gap junctional communication was evaluated by two independent techniques. Using a scrape-loading technique to study the extent of Lucifer yellow transfer, no detectable differences were observed between control and Hcy-treated HUVEC in their cell-to-cell communication (Fig.2, A) . Furthermore, electrophysiologic studies of gap junctional communication using whole-cell patch clamp revealed no significant differences between control and Hcy-treated HUVEC (Fig.2, B) . 
The effect of Hcy on Cx43 distribution in endothelial cells.
Tri-color fluorescence confocal microscopy was employed to evaluate the distribution of
Cx43 in HUVEC. Mitochondria and endoplasmic reticulum (ER) were identified with
MitoTracker ( Figure 3B ) and ER-DiO 6 C tracker (Figure 3C) , respectively, while Cx43 was detected using polyclonal antibody counterstained with Cy-5-conjugated IgG, as detailed in
Methods. In control HUVEC, Cx43 was predominantly localized to the plasma membrane, where it formed typical gap junctional plaques between the adjacent cells. (Figure 3A) . The 12 frequency of co-localization with the mitochondrial marker was 3.6% pixels and the ER marker averaged 33.6% pixels ( Figure 3D ). Pre-incubation with Hcy decreased the typical punctate Cx 43 localization to the plasma membrane and increased Cx43 co-localization with the mitochondrial marker (50.7% pixels), with only minor increase in ER localization (45.9% pixels) (Figure 3, E-H) .
Intravital analysis of Cx43 distribution
To further examine the effect of Hcy to the Cx43 localization in the living cells, we transiently transfected HUVEC with the cDNA encoding Cx43-GFP construct. Transfected HUVEC showed Cx43-GFP assembled into typical gap junctional plaques after overnight incubation (Figure 4 A) . Addition of 50 uM Hcy resulted in a punctate appearance of Cx43-GFP, which become scattered within the cells (Fig.4, B 
Effect of Hcy on nitric oxide-and prostanoid-independent vasorelaxing response to acetylcholine
One of the typical sites of Cx43 expression in the vasculature is the myoendothelial junction,
where it has been shown to participate in the nitric oxide-and prostanoid-independent vasorelaxation mediated by an endothelium-dependent hyperpolarizing factor (EDHF) 12, 42, 51 .
To elucidate the impact of the observed Cx43 redistribution on EDHF-mediated vasorelaxation, rat renal interlobar arteries maintained for 6 h prior to experimentation in culture media with and without Hcy (100 µM) were compared in terms of relaxing responses to acetylcholine or sodium nitroprusside under conditions in which both NOS and COX activities were inhibited. As shown in Figure 8 , vasorelaxing responses to acetylcholine were greatly attenuated in vessels treated with Hcy. In contrast, vasorelaxing responses to sodium nitroprusside were nearly identical in vessels treated and not treated with Hcy. Relaxing response to acetylcholine were similarly reduced in vessels treated with 18-α GA (100 uM), whereas relaxing response to sodium nitroprusside were not with the in vitro findings of Cx43 overexpression. is not exclusive for cell-cell communication in HUVEC in vitro. Alternatively, the data may be suggestive of conformational changes, ie due to changes in phosphorylation 40 and/or ability to form hemichannels.
DISCUSSION
The finding of Cx43 internalization has previously been reported 2, 19 , but the observed translocation from the plasma membrane to the mitochondrial compartment has not been 
